Th e objective of our work was to evaluate the eff ect of interferon-γ (IFN-γ) on cytokine expression in rat acute pancreatitis (AP). AP was introduced to rats which were divided into Control, AP and IFN-γ group. Rats in the AP and IFN-γ group were sacrifi ced as ,  and  h after IFN-γ treatment. Th e serum amylase (AMA), endotoxin and cytokines were detected. Th e pathological examination and immunofl uorescence staining of pancreas for TNF-α, NF-κB and IL- were performed. Th e serum AMA increased signifi cantly at  h and reduced at  h after AP. Th e increase in IFN-γ was higher than that in AMA. IL- increased in the AP and IFN group, and IFN increased markedly at  h after AP. IL- reduced at  h after AP compared with AP group. In the AP group, the immunostaining of cytokines increased. In the IFN group, the edema in the pancreas was more severe, and NF-κB and IL- expression was higher than that in the other two groups. IFN-γ can increase serum IL- and reduce IL- in AP. IFN-γ can increase serum IL- and reduce serum IL- in AP. Th e increase in NF-κB and IL- may exert infl uence on pro-infl ammatory cytokines to deteriorate infl ammation in the pancreas. Th us, to control the IFN-γ might has promise to attenuate pancreatitis.
INTRODUCTION
Acute pancreatitis is a clinical entity that is believed to have intracellular activation of digestive enzymes and autodigestion of the pancreas as its central pathophysiologic cause [, ] . As early as s and s, investigators felt that some mediators released during AP entered the systemic circulation, thereby causing dysfunction of distant organs [] . Eff orts to unravel the events in the evolution of tissue damage in AP have shown a number of infl ammatory mediators to be involved [, ] . Th e proinfl ammatory response is countered by an anti-infl ammatory response, and an imbalance between these two systems leads to localized tissue destruction and distant organ damage. Cytokines lie at the heart of the problem and are involved in all aspects of the cascade leading to systemic infl ammatory response syndrome and multiple organ dysfunction syndrome [] . Acute pancreatitis (AP) is a common disease in clinical practice, and its pathogenesis is closely related to the abnormal activation of pancreatin, microcirculatory disturbance, reperfusion induced injury and release of infl ammatory mediators and cytokines. Recently, increasing attention has been paid to the role of cytokines in the pathogenesis of AP. In the present study, AP was introduced to rats which were then treated with interferon-γ (IFN-γ) and the cytokines were measured before and after treatment. Th is study aimed to investigate the potential eff ect of IFN-γ on the production of cytokines in AP.
MATERIALS AND METHODS

Preparation of AP animal model
The study was conducted in the Animal Center of Shanghai Tenth People's Hospital. Male SD rats (n=) weighing - g were randomly assigned into control group, AP group and IFN-γ group. Rats in the AP group and IFN-γ were sacrifi ced at  h,  h,  h and  h after IFN-γ treatment (n= per subgroup). In the AP group, rats were fasted for h. Following anesthesia with diethyl ether and routine sterilization, ligation of duodenum was done to induce AP during which a catheter was inserted in the intestine aiming to avoid intestinal obstruction [] . In the IFN-γ group, IFN-γ was injected via the tail vein. In the control group, duodenum was not ligated. After surgery, animals were fasted but given ad libitum access to water. At diff erent time points, animals were sacrifi ced and the heart, mesenteric lymph nodes, pancreas, iliac lymph nodes and ilium were collected for use.
Detections
Automatic biochemical analyzer, limulus synthetic matrix azo-dye method and ELISA (Wuhan Boster Biotech Co., Ltd) were employed to detect the serum amylase (AMA), endotoxin and cytokines (TNF-α, IL- and IL-), respectively. Under an aseptic condition, the mesenteric lymph nodes were collected and added to LB medium. One day later, these lymph nodes were seeded into culture plate for bacterial culture. The number of bacterial colonies was counted and the type of bacteria also determined.
Pathological examination and immunofl uorescence staining
Th e pancreas was collected and processed for pathological examination with HE staining. Immunofl uorescence staining was done to detect the expression of cytokines in the pancreas. Th e paraffi n embedded sections were deparaffi nized and dehydrated. After antigen retrieval, sections were treated with . trypsin at  o C for  min. Following treatment with  BSA for blocking, sections were incubated with primary antibody (:) at  o C overnight and then with FITC conjugated secondary antibody. CD was used to label macrophages during which the secondary antibody was labeled with Rhodamine. Incubation was done at  o C for  h. Mounting was performed with glycerophosphate and sections were observed under a fl uorescence microscope. Th e expression of TNF-α, IL- and NF-κB was detected in these sections.
Statistical analysis
Data were expressed as mean ± standard deviation ( ). Statistical analysis was performed with SPSS version . for Windows and one way analysis of variance employed for comparisons. A value of p<. was considered statistically signifi cant.
RESULTS
Changes in serum AMA, endotoxin and IL- As shown in Table  , the serum AMA increased at  h after AP and reduced at  h, and the increase in AMA was the most obvious in the IFN group. Th e endotoxin increased in diff erent groups to diff erent extents, and the increase was the most evident in the IFN group at  h after AP (p<.). Th e amount of bacteria increased in the AP group and IFN group, and was the highest in the IFN group (p<.). TNF-α increased in the AP group, but remained unchanged in the IFN group. IL- increased in both AP group and IFN group, and was the highest in the IFN group at  h after AP (p<.). IL- increased in both AP group and IFN group, and reached a maximal level at  h after AP. At  h after AP, the IL- was lower in the IFN group than in the AP group (p <.).
Pathological examination of pancreas
As shown in Figure  , the pancreatic cells were intact and swelling of interstitial space was absent ( Figure -A) . At  h after AP, the pancreatic cells were swelling, vascular congestion was noted, and swelling of interstitial space was present accompanied by infi ltration of infl ammatory cells ( Figure  -B) in the AP group. At  h after AP, the above pathological changes were also found but more severe ( Figure -C) .
Immunofl uorescence staining of TNF-α, NF-κB and IL- in pancreas
The expression of TNF-α, NF-κB and IL- was detected in the pancreas ( Figure ) . As shown in the Figure  expression of TNF-α, NF-κB and IL- at a very low level in the control group. The expression of TNF-α and NF-κB at  h after AP and IL- expression at  h after AP were markedly increased in the AP group. The TNF-α expression in the IFN group at  h was higher than that in the control group but lower than that in the AP at corresponding time point. The NF-κB expression in the IFN group at  h increased significantly. The IL- in the IFN group at  h was dramatically increased when compared with control group and AP group at  after AP.
DISCUSSION
The pathogenesis of AP is complex. Studies have shown that some cytokines play important roles in the pathogenesis of AP. As an initiator in the occurrence of AP, TNF-α is one of important cytokines aff ecting AP and plays a proinfl ammatory role in AP at early stage. TNF is the primary member of the inflammatory cytokine family, primary inducers of IL- and IL- production, and known to initiate and propagate nearly all of the detrimental consequences of severe sepsis [] nearly all experimental models of pan- creatitis have implicated TNF as a major pathologic cytokine associated with local and systemic tissue destruction. TNF production was closely associated with induction of other genes within their same gene-family [] . Likewise, as TNF is produced during AP, so too are its receptors [] . IL- is a cytokine that belongs to the IL- superfamily [] . IL- levels reflect the severity of acute pancreatitis and display a significant negative correlation with the concentrations of antioxidative damage factors, serum selenium and glutathione peroxidases (GPx). IL- is one of the key mediators of inflammation in the pathogenesis of acute pancreatitis [] . Elevation of serum IL- levels may mediate acute pancreatitis associated liver injury [, ] . IL- may serve as an additional marker to monitor the severity of infl ammation during pancreatitis since its tissue production is delayed and appears after that of more commonly investigated cytokines [] . IL- appears to protect the pancreas during early induced-induced AP in mice, probably through induction of NO release from an iNOS source. IL- may be a target for new AP therapeutics [] . IL- is mainly produced by monocytes / macrophages and intestinal epithelial cells and endothelial cells also have the ability to secret it. Generally, IL- binds to its receptor exerting biological eff ect. In vitro studies reveal that IL- can promote the proliferation of T cells and increase the activity of T cells and NK cells; may elevate the production of some cytokines including TNF-α, IFN-γ, IL- and IL - but reduce the IL- production. In AP patients, the IL- increases signifi cantly and is closely related to the severity of AP. NF-κB is a multifunctional transcriptional factor. Under physiological conditions, NF-κB binds to IκB leading to the inactivation of NF-κB. Once activated, NF-κB separates from IκB and enter the nucleus initiating the transcription of target genes. There is evidence showing that the NF-κB is significantly activated in AP patients and closely associated with the severity of AP. TNF-α is an activator of NF-κB. After binding to receptors on cells, TNF-α may phosphorylate IκB leading to the degradation of IκB which results in activation of NF-κB. Th e activated NF-κB may further increase the synthesis and release of TNF-α. In this manner, a large amount of cytokines is released, which further complicates the AP. Interleukin- (IL-) is a heterodimeric cytokine belonging to the IL- family and composed of EBI and p protein [] . IL- and its receptor WSX- have originally been reported as critical factors for initial commitment of Th differentiation and The Th-promoting effect of IL- has been reported both in in vivo and in vitro experiments [, ] . Yoshimura et al found that IL- via IL-R complex (WSX- plus gp) had a suppressive function on cytokine production by fully activated CD + T cells and significant contribution of STAT to the IL--mediated cytokine suppression in fully activated CD + T cells [] . Th us, IL-/WSX- have two-sided roles; one is for Th  differentiation and the other for cytokine suppression [] . Our results showed IL- increased in AP. Th e changes in IL- might exert effect on AP. Lucas et al. [] reported that IL- could stimulate the generation of IFN-γ by NK cells, promote the proliferation of CD + T and coordinate the IL- induced diff erentiation of naïve CD + T cells into Th  cells. IL- can up-regulate the ICAM- expression in naïve CD + T cells, and the interaction between ICAM- and LFA- may promote the diff erentiation of naïve CD + T cells into Th  cells [] . In addition, studies also revealed that IL- may exert immunosuppressive eff ect to regulate the immune system, avoid the over-expression of inflammatory cytokines and inhibit the autoimmune response [] . In experiments on mice, IL- was found to attenuate the collagen induced arthritis and to inhibit the delayed hypersensitivity. Moreover, Il- could reduce the production of pro-inflammatory cytokines including IFN-γ [] . IFN-γ is mainly produced by T lymphocytes, B lymphocytes, NK cells and monocytes/macrophages, and also known as an immune interferon and plays an important role in the regulation of immune response. In addition, IFN-γ can also promote the proliferation of Th  cells and strengthen the immune response via Th  cells. IFN-γ can also inhibit the activity of Th  cells and further suppress the humoral immunity. Th us, IFN-γ is a key factor in the immune response of humans and possesses multiple bioeff ects. IFN-γ can regulate the expression of CD/, two costimulatory molecules of MHC-I and MHC-II, promote the production of inducible nitric oxide synthesase (iNOS) and activate the oxygen dependent and independent bactericidal system of macrophages leading to the macrophage activation. IFN-γ is a potent activator of macrophages, has the ability to activate macrophages and NK cells and regulate the functions of dendritic cells, T cells and B cells and involves in innate immunity and acquired immunity. IFN-γ can exert synergistic eff ect with LPS to induce the production of pro-infl ammatory cytokines including IL-, TNF-α and IL- [] . In normal intestinal epithelial cells, the TLR expression is at a low level, and LPS fails to induce the NF-κB activation. After incubation with IFN-γ, the TLR expression in the intestinal epithelial cells increases markedly, and subsequent stimulation with LPS may induce the potent activation of NF-κB. Th is suggests that IFN-γ can up-regulate the TLR expression in intestinal epithelial cells, facilitate the response of these cells to LPS and indirectly aff ects NF-κB [] .
CONCLUSIONS
Taken together, our fi ndings indicate that IFN-γ treatment may induce the changes in some cytokines in AP which are characterized by reduction in IL and increase in IL-. Th is suggests that IFN-γ may inhibit the IL- production to a certain extent. Currently, the pathway involving in the IFN-γ induced suppression of IL- is still unclear, and might be associated with JAK-STAT mediated transcription activation [, ] . Thus, we speculate that to control the IFN-γ may attenuate AP to a certain extent, which provides evidence for the clinical treatment of AP.
